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ABSTRACT 

Sub-damped Lyman-alpha systems (sub-DLAs) have previously been found to exhibit a 
steeper metallicity evolution than the classical damped Lyman-alpha systems (DLAs), evolv- 
ing to close to solar metallicity by z ~ L From new high-resolution spectra of 17 sub-DLAs 
we have increased the number of measurements of [Fe/H] at z < L7 by 25% and compiled the 
most complete literature sample of sub-DLA and DLA abundances to date. We find that sub- 
DLAs are indeed significantly more metal-rich than DLAs, but only at z < L7; the metallicity 
distributions of sub-DLAs and DLAs at z > L7 are statistically consistent. We also present 
the first evidence that sub-DLAs follow a velocity width - metallicity correlation over the 
same velocity range as DLAs, but the relation is offset to higher metallicities than the DLA 
relation. On the basis of these results, we revisit the previous explanation that the systemati- 
cally higher metallicities observed in sub-DLAs are indicative of higher host galaxy masses. 
We discuss the various problems that this interpretation encounters and conclude that in gen- 
eral sub-DLAs are not uniquely synonymous with massive galaxies. We rule out physically 
related sources of bias (dust, environment, ionization effects) and examine systematics asso- 
ciated with the selection and analysis of low-redshift sub-DLAs. We propose that the high 
metallicities of sub-DLAs at z < 1 .7 that drives an apparently steep evolution may be due to 
the selection of most low-redshift sub-DLAs based on their high Mgn equivalent widths. 
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1 INTRODUCTION 

Quasar absorption line (QAL) systems are very valuable tools for 
the census of metals from the present epoch all the way back 
to the farthest detectable quasars (QSOs). Much attention has re- 
cently been directed towards the sub-damped Lyman-alpha systems 
(sub-DLAs), QAL systems with H i column densities in the range 
10'' < A'(Hi) < 2 X 10^° cm-2. The sub-DLAs outnumber the 
higher Hi column density damped Lyman-alpha systems (DLAs) 
by factors of 4 - 8 and may therefore contribute significantly to the 
cosmological metals budget. Tw o major surveys for high-redshift 
sub-DLAs have be en undertaken jDessauges-Zavadskv et alj2003l : 
IPeroux et alj|2005h . and recently much effort has been dedicated 
to bu i lding up a sub-DLA sample at z < 1. 7 (Meiring et al. 200^ 
l2007l l2008l I2OO9I ; IPeroux et al.ll2006ij. |200^ . These surveys have 
yielded abundance measurements ([Fe/H] or [Zn/H]) for 30 and 35 
sub-DLAs at redshifts above and below z = 1.7, respectively. 



* Based on observations collected at the European Southern Observatory, 
Chile, under programmes ID No. 078.A-0003(A) and 080.A-0014(B). 
t E-mail: miroslava.dessauges@unige.ch 



IPeroux et al. I l l2003h were the first to point out a stronger 
metallicity evolution with time in sub-DLAs than DLAs. This has 
been f urther supported by th e enlarged sample of sub-DLAs and 
has led lKulkarni et al. to conclude: (1) The mean metallicity 

of sub-DLAs is higher than that of DLAs and reaches a near-solar 
level at z < 1 . Several sub-D LAs at lo w redshifts even ex hibit so- 
lar or supersolar abundances jPeroux et al. 2006b; Prochas ka et al.l 
I2OO6), while no DLA is known so far with such a high metallicity. 
(2) The contribution of sub-DLAs to the total metal budget may be 
several times greater than that of DLAs at z < 1. Nevertheless, sub- 
DLAs seem to contribute no more than a f ew percent of the to tal 
amount of metals in the Universe at z ~ 2.5 jPeroux et al.ll2007h . 

Th e difference in met allicity between sub-DLAs and DLAs 
has led iKhare et all ( l2007t) to suggest that sub-DLAs and DLAs 
may be associated with two distinct populations of galaxies. 
Indeed, since high metallicities are generally associated with 
more massive galaxies according to the mass - metallicity rela- 
tion {f remonti et al. 2004; Savaglio et al. 2005]; lErb et alj|2003; 
iMaiolino et al.l2008l) . IKhare et al . (2007) concluded that sub-DLAs 
may arise in massive spiral/elliptical galaxies and DLAs in low 
mass (< 10' Mq) galaxies. 

In this Letter, we form the largest sample of low-redshift sub- 
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Table 1. New sub-DLA systems. 
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-1.04 ±0.04 


< -0.84 
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17.4 
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17.0 
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QSO J1525+0026 
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17.0 
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Note: Values reported as lower limits refer to saturated lines and values reported as upper limits correspond to 4 o" non-detections. 



DLAs with abundance determinations, and we present evidence 
against the hypothesis that sub-DLAs are in general associated with 
massive galaxies. 



2 SAMPLES, OBSERVATIONS, COLUMN DENSITIES 

Our sample of sub-DL As consists of 17 systems at z < 1.7 chosen 
from the compilation of lRao. Tumshek & Nestoj ( l2006lf'l We have 
obtained high resolution (FWHM ^7-8 km s"'), high signal-to- 
noise ratio (S/N > 10 per pixel from 3300 to 6800 A) spectra with 
the Ultraviolet- Visual Echelle Spectrograph, UVES, on the VLT 
Kueyen ESQ telescope at Cerro Paranal, Chile and the High Res- 
olution Echelle Spectrometer, HIRES, on the Keck I telescope at 
Mauna Kea, Hawaii. Our sample is supplemented with 2 additional 
sub-DLAs at z > 1.7 toward QSOs B0216+08 and B1037-270 
retrieved from the UVES ESO/ST-ECF Science Archive FacilitjU. 
We reduced the UVES and HIRES echelle spectra using, respec- 
tively, the publically available UVES_popler pipeline^ and the xidl 
HIRED redux pipelinfl The ionic column densities were mea- 
sured using the Voigt profile fitting technique and the;^^^ minimiza- 
tion routin e FITLYMM in MIDAS. The Hi column densities were 
taken from lRao. Tumshek & Nestorl ( |2006[) obtained from Hubble 
Space Telescope (HST) spectra, except for the sub-DLA toward 
Q SO B2048-H196 for wh ich we considered the revised /V(H i) value 
by iMeiring et al.l | |2009|) . For the 2 sub-DLAs at z > 1.7 toward 
QSOs B0216-I-08 and B 1037-270, the N(lii) were obtained from 
UVES archive spectra. A complete description of the data acquisi- 
tion, reduction, and full abundance analysis will be presented in a 
forthcoming paper (Dessauges-Zavadsky et al., in preparation). 

' Since the submission of this Letter, iMeiring et alj j2009l) have obtained 
data for a smaller sub-DLA sample with which we have 4 QSOs in common. 
2 Programmes ID No. 65.P-0038(A), 69.B-0108(A), 70.A-0017(A), 
71.B-0136(A), 072.A-0346(A), and 073.B-0787(A). 
^ http://astronomy.swin.edu.au/~mmurphy/UVES_popler 
http://www.ucolick.org/~xavier/HIRedux/index.html 



In Table[T]we summarize our sub-DLA sample and the derived 
abundances of Fe and Zn. The sample includes 6 new sub-DLAs 
with close to solar metallicities (> 1/5 solar) and 3 systems with 
super-solar metallacities. With these new data, we enlarge the sam- 
ple of sub-DLAs at z < 1.7 with metallicity measurements ([Fe/H] 
or [Zn/H]) by 25%, bringing it to a total of 47 systems; 32 sys- 
tems at z > 1.7 complete the sub-DLA sample (for references see 
Sect. [TJ. For comparison, we use our compilation of DLA metal- 
licity measurements, the most complete to date, which accounts 27 
systems at z < 1.7 and 144 at z > 1.7 (Dessauges-Zavadsky et al., 
in preparation). 



3 RESULTS 

Zn is often favoured as a metallicity indicator in gas-phase studies, 
since it is ne arly undepleted an d traces Fe very closely in Galac- 
tic stars (e.g.. |Pettini et alj|l999h . However, there are still very few 
[Zn/H] measurements available, particularly in sub-DLAs at high 
redshifts (6 [Zn/H] measurements at z > 1.7). Conversely, [Fe/H] 
abundances are available for the majority of absorbers. Although 
Fe is depleted onto dust grains, the distributions of [Zn/Fe] ra- 
tios in sub-DLAs and DLAs at z < 1.7 are statistically consis- 
tent (Kolmogorov-Smimov (KS) confidence level (c.l.) to reject the 
null-hypothesis = 23%; see Dessauges-Zavadsky et al., in prepara- 
tion). This suggests that sub-DLAs and DLAs (at least at low red- 
shifts) have, on average, similar differential dust depletion levels. 
Hence, we should still be able to compare the sub-DLA and DLA 
metallicities and evolution thereof differentially, even if the abso- 
lute values are affected by dust depletion. 

Fig.[T]shows the [Fe/H] measurements obtained in sub-DLAs 
and DLAs plotted as a function of redshift. The large black and 
red crosses represent, respectively, the unweighted mean metallic- 
ities, ([Fe/H]>, of sub-DLAs in 5 redshift bins containing 16 or 12 
systems each and of DLAs in 6 redshift bins containing 27 or 26 
systems each. The 1 cr errors of the means include sampling and 
measurement uncertainties and are calculated using the statistical 
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Figure 1. [Fe/H] metallicities of 76 sub-DLAs (black filled circles) and 161 DLAs (red open squares) plotted as a function of redshift, with the area of each 
symbol inversely scaled to the 1 cr error on the abundance. The large black and red crosses correspond, respectively, to the unweighted mean metallicities of 
sub-DLAs and DLAs. In each bin, the mean is plotted at the median redshift, with the horizontal bars indicating the redshift range spanned by the systems 
in that bin. The least-square fits to the unweighted means are shown by the bl ack so lid line for sub-DLAs and the red solid line for DLAs. For comparison, 
the dashed fine gives the metallicity evolution of the star-forming galaxies 10120081) . The two plots on the right-hand side show the [Fe/H] distributions of 
sub-DLAs (shaded histograms) and DLAs (open histograms) with their respective cumulative functions in two separate redshift intervals, z < 1 .7 (upper panel) 
and z > 1.7 (lower panel). 



techniques described in iKulkami & Faill ( l2002h . The unweighted 
mean metallicities as well as the H i column density weighted mean 
metallicities, [<Fe/H)] = log[i;, lOlf'^'Hi'MHi),/ 2, /V(Hi),], de- 
rived in each redshift bin are tabulated in online material. The un- 
weighted means refer to the average metallicity of galaxies, while 
the Hi weighted means refer to the mass-weighted metallicity of 
neutral gas. Since the bulk of /V(Hi) is not in sub-DLAs, the un- 
weighted means are the appropriate quantity to trace and compare 
the metallicity evolution of the two samples of absorbers. 

Clearly, the mean [Fe/H] metallicity of sub-DLAs at low red- 
shifts is substantially larger than that of DLAs by about 0.7 dex (4 cr 
significance level). At z > 1.7 the mean metallicity of sub-DLAs 
drops by 0.5 dex and reaches a value similar to the mean metallicity 
of DLAs. This reveals two major differences in the metallicity evo- 
lution of sub-DLAs and DLAs. First, the sub-DLAs show a more 
rapid metallicity evolution with time than the DLAs. Performing 
a least-square fit to the unweighted mean [Fe/H] metallicity versus 
redshift data points, we find for sub-DLAs a slope m = -0.41+0.07 
dex/Az and a zero point b = -0.26 ±0.13 dex, while the slope for 
DLAs is less than half this value, m = -0.19 ± 0.04 dex/Az, with 
a zero point b = -1.03 ± 0.09 dex. The best-fit slopes to the Hi 
weighted mean metallicities are identical within statistical uncer- 
tainties, both for sub-DLAs and DLAs, to the slopes derived for 
the unweighted mean metallicities. They underline the robustness 
of this result, previou sly claimed bv lPeroux et alj ( l2003ll2007l) and 
iKulkarni et all j2007b . 

Second, the metallicity difference between sub-DLAs and 



DLAs is confined to low redshifts. This is well illustrated in the 
two panels on the right-hand side of Fig. [T] that show the [Fe/H] 
distributions of sub-DLAs and DLAs in two separate redshift inter- 
vals, z < 1.7 and z > 1.7. At z < 1.7 sub-DLAs are clearly more 
metal-rich than DLAs, while at z > 1.7 this large metallicity dif- 
ference is no longer apparent (see the respective cumulative func- 
tions). The KS test shows that the null-hypothesis that the metallic- 
ities of the low-redshift sub-DLAs and DLAs are drawn from the 
same population can be rejected at 99.9992% c.l. This c.l. falls to 
an inconclusive 90% for the metallicity distributions of the high- 
redshift sub-DLAs and DLAs. This suggests that at high redshifts 
sub-DLAs have similar metallicities to DLAs, which diverge from 
that of DLAs at low redshifts only. With a mean metallicity [Zn/H] 
= +0.18±0.11 in sub-DLAs and [Zn/H] = -0.66±0.09 inDLAs at 
z < 1.7, the [Zn/H] measurements further confirm the bias of low- 
redshift sub-DLAs towards higher metallicities relatively to DLAs. 

lLedouxetalJ ( l2006l) found a correlation between the velocity 
widths, Av, of lines of low-ionization species and metallicities, over 
two orders of magnitude in metallicity, for DLAs and a few high- 
A'(Hi) sub-DLAs at 1.7 < z < 4.3. Assuming that Av is a measure 
of mass, it has been suggested that this velocity width - metallicity 
relation may be the consequence of an underlying mass - metallic- 
ity relation, consistent with the mass - metallicity relation observed 
for local and high-redshift galaxies (for references see Sect.[T). The 
mass - metallicity relation for D LAs has, in addition, been recently 
reproduced from simulations bv lPontzen et alj ( l2008h . 

Fig. |2] shows the velocity widths and metallicities for sub- 
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Figure 2. [Fe/H] metallicides of 40 sub-DLAs (black filled circles) and 
59 DLAs (red open squares) plotted as a function of the velocity widths 
of their low-ionization line profiles displayed on a logarithmic scale. The 
linear least-square bisector fits are shown by the black solid line for sub- 
DLAs and the red solid line for DLAs. 
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Figure 3. [Fe/H] metallicities of 49 sub-DLAs (black filled circles) and 24 
DLAs (open red squares) at z < 1.7 plotted as a function of the rest-frame 
Mg II /i2796 equivalent widths displayed on a logarithmic scale. The plot on 
the light-bottom corner shows the cumulative functions of the Mg ii /12796 
EW distributions of sub-DLAs (thin line) and DLAs (thick line). 



DLAs and DLAs of our sample and our literature compilation. The 
velocity widths of lines of low-ionization species were derived fol- 
lowing the prescriptions of Ledoux et al„ (2006) . With our enlarged 
sample of sub-DLAs, it can be seen that sub-DLAs also exhibit a 
correlation between the velocity widths and metallicities over the 
same range of Av as DLAs (Kendall's tau probability of 0.016%), 
but with a slightly larger scatter than DLAs and offset to higher 
metallicities by 0.4 - 0.6 dex at a given Av (see the linear least- 
square bisector fits). The KS test shows that the null-hypothesis 
that the velocity widths of sub-DLAs and DLAs are drawn from the 
same population can be rejected at only 92% c.l. Our results there- 
fore contras t with the conc lusions drawn from smaller sub-DLA 
samples: (i) iBouchd ( 1200 8l) argued that sub-DLAs have roughly 
constan t metallicities as a fu nction of the Mgn equivalent width; 
and (ii)' Meiring et alj ( |2007|) obtained a velocity width - metallic- 
ity relation in which all the low-redshift sub-DLAs were confined 
to the upper right corner of Fig. [2] with high metallicities and larger 
velocity widths. Although there is still a tendency for sub-DLAs to 
have higher velocity widths (59% of sub-DLAs have Av > 100 
km s"' compared to 43% of DLAs), Fig.|2]clearly shows that sub- 
DLAs inhabit the same Av range as DLAs. 



4 DISCUSSION AND CONCLUSIONS 

With our enlarged sample of sub-DLAs, we conclude: (1) sub- 
DLAs have a more rapid metallicity evolution with time than DLAs 
(in agreement with previous studies); (2) sub-DLAs are signifi- 
cantly more metal-rich than DLAs, but only at z < 1.7; and (3) sub- 
DLAs follow a velocity width - metallicity correlation, although 
the relation is offset to higher metallicities than the DLA relation. 

On the basis of the high metallicities observed in sub-DLAs 
and the existe nce of a mass - me tallicity relation amongst galaxies 
at < z < 3, lKhare et al.l JioOTh proposed that sub-DLAs arise in 



more massive galaxies than DLAs. With the new data presented in 
this Letter, this interpretation encounters a number of problems. 

Th e first problem is directly related to the main argument 
that led [Khare et al.l | |2007|) to link sub-DLAs to massive galax- 
ies, namely the mass - metallicity relation and the velocity width - 
metallicity relation. If the velocity width of lines of l ow-ionization 
species in the velocity width - metallicity relation of ^ Ledoux et al.l 
(2006) is a proxy for mass and sub-DLAs are associated mostly 
with massive galaxies, we expect sub-DLAs to exhibit almost ex- 
clusively large velocity widths. As discussed above and illustrated 
in Fig.|2l sub-DLAs actually have velocity widths that span the full 
range of values of DLAs. 

The second difficulty with the identification of sub-DLAs with 
massive galaxies is to reconcile their metallicity evolution with the 
now popular scenario of 'down-sizing'. In this paradigm, massive 
galaxies build up their stellar mass and metals at earlier epochs 
than lower mass galaxies and already are relatively metal-rich by 
z ~ 2 (e.g.. IPanter et aljUoOa) . Contrary to what is expected of 
massive galaxies, sub-DLAs are fairly metal-poor at high redshifts 
and only develop their metallicities at z < 1.7 (see Fig.[T](. More- 
over, the relative rates of sub-DLA and DLA metallicity evolution 
are inconsistent w ith a simple division in mass (see e.g. Figure 3 of 
IPanter et alj2008l) . However, when splitting our full sample of sub- 
DLAs plus DLAs by their velocity width (and not their A'(H i)), we 
observe at high redshifts, z > 2, that systems with Av > 100 km s"' 
have higher metallicities ({[Fe/H]) = -1.29 ± 0.07) than systems 
with Av < 100 km s"' «[Fe/H]) = -1.53 ± 0.18). The KS test 
shows that the null-hypothesis that the metallicities of these two 
sub-samples of absorbers at z > 2 are drawn from the same popu- 
lation can be rejected with confidence at 99.9991% c.l. This result 
is in line with the expectations of both the down-sizing picture and 
the velocity wid th as a proxy for ma ss also supported by the recent 
simulations of .Pontzen et al.l ( l2008h . Neither sub-DLAs nor DLAs 
appear as the dominant feature of the sub-sample of absorbers at 
z > 2 with Av > 100 km s"' or the sub-sample of absorbers at 
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z > 2 with Av < 100 km s ': the former (the latter) sub-sample is 
composed of 22% (19%) sub-DLAs and 78% (81%) DLAs. This 
suggests that the A'(H i) limit between sub-DLAs and DLAs is not 
simply due to a distinction in mass. 

The third objection to the massive galaxy hypothesis is the 
slope of the metallicity evolution of sub-DLAs which appears to be 
much steeper than that of luminous (massive) star-forming galaxies 
at 1 < z < 3 (e.g., Li 2008, and see the dashed line in Fig.[TJ. 

Finally, the fourth inconsistency in connecting sub-DLAs with 
massive galaxies is that they outnumber DLAs by a factor of up 
to 8, whereas massive galaxies are far less common than low 
mass galaxies. Even when assuming that only the most metal-rich 
sub-DLAs arise in massive galaxies, at z < 1.7 more than 70% 
of sub-DLAs have [Zn/H] metallicities > 2/5 solar and hence 
lead to a too large proportion of massive galaxies. Although mas- 
sive gas-rich galaxies may have a higher absorption cross-section, 
[Rose nberg & Schneider (2003) have shown that in the local Uni- 
verse the number density of DLAs is still dominated by sub-M^, 
galaxies. 

So, how can the high metallicities of the low-redshift sub- 
DLAs be explained ? It has often been suggested that dust in 
the higher column density DLAs leads to an observed distribu- 
tion of metallicities that is biased towards low values. Indeed, if 
dust extinction is a strong function of the metal column densit y 
as observed in interstellar medium clouds (e.g., Iviadilol l2004h . 
the metal-rich DLAs may be more affected by dust selection 
than metal-rich sub-DLAs jVladilo & Perouxll2005l ; ,Meiring et al., 
I2OO8I : IPeroux et al.ll20o3) . Such an effect could make DLAs ap- 
pear less metal-rich than sub-DLAs. So far, however, there is 
no evidence at either high or low redshifts for a large num- 
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recently, lEUison & Loped I2OO9) found that dust depletions in 
0.6 < z < 1.7 sub-DLAs and DLAs in the Complete Optical and 
Radio Absorption Line System (CORALS) survey are consistent 
with magnitude limited samples. 

Can large-scale physical differences account for the metallic- 
ity diff erences betw e en lo w-redshift sub-DLAs and DLAs ? Re- 
cently, lElIison et al.l J2008i) have shown that for a given mass, 
galaxies are more metal-rich if they have smaller half-li ght radii or 
lower specific star formation rates. lEUison et alj feOOg*) have also 
shown that galaxies in dense environments have slightly higher 
metallicities. However, the metallicity offsets for both effects are 
far too small (~ 0.05 dex) to explain the differences between sub- 
DLAs and DLAs we observe. 

What about photoionization effects ? The lower H i column 
densities of sub-DLAs may imply that the neutral hydrogen is 
partially ionized, in which case the observed Feii to Hi ratio 
may not be a robust measure of the total [Fe/H] abundance. The 
magnitude of these corrections is quite sensitive to the ioniz- 
ing background, leading to some variation amongst results in the 
literature (Dessauges-Zavadskv et al. 2003; Prochaska et al]|2006l : 
IPeroux et alJl2007| - |Meiring et alj|2007l . l20()8l) . Substantial ioniza- 
tion corrections are, however, certainly needed in some sub-DLAs. 
The larger difference between the median A'(H i) of sub-DLAs and 
DLAs at low than high redshift jf| and the change in the shape of 



the ionizing background between z ~ 3 and z ~ 1, also raises 
the possibility that the typical ionization corrections for sub-DLAs 
may be higher at z < 1.7 than z > 1.7. However, there is currently 
no strong evidence to support this as an explanation for the much 
steeper evolution of sub-DLA metallicities. In general, ionization 
corrections in sub-DLAs are similar when calculated with a Haardt- 
Madau spectrum at both z ~ 3 and z ~ 0.5 (M ilutinovic, private 
communication) and Meiring et al.l ( |2007| . 12008*) found corrections 
that are typically < 0.2 dex for their low-redshift sub-DLAs. 

Having ruled out physically related sources of bias (dust, 
environment, and ionization corrections), we consider system- 
atics associated with the selection and analysis of low-redshift 
sub-DLAs. This is additionally motivated by our finding that 
the sub-DLAs only show significant enhancement in [Fe/H] 
at redshifts that require HST observ a tions of the Lyo- line. 
lEUison , Murph v & Dessauges- Zavadskvl ( |2009() have investigated 
possible systematic uncertainties in the Hi column density deter- 
minations of sub-DLAs from low-resolution spectra in compari- 
son to high-resolution spectra. They have found that A'(H i) derived 
from low-resolution spectra tend to be over-estimated by typically 
0.1 dex (up to 0.3 dex), but in the wrong direction to explain the 
high metallicities observed in the low-redshift sub-DLAs. 

Next, we consider the process through which the majority 
of our low-redshift sub-DLAs were identified: the Mgii equiva- 
lent width (EW) selection. Most of the low-redshift sub-DLAs in 
both this study and the literature come from compilations of sub- 
DLAs that have been obtained as a 'by-product' of low-redshift 
DLA searches. These DLA surveys have used metal lines to pre- 
sel ect candidate DLAs from g round -based spectra for HST follow- 
up. iRao. Tumshek & Nestorl ( I2OO6I) have found that there are no 
DLAs in their unbiased sample (i.e. excluding previously known 
21 cm absorbers) with rest-frame Mgii/i2796 EWs lower than 
0.6 A. Pre-selecting candidate DLAs based on their Mgii EWs 
therefore appears to be a r easonable selection strategy of DLAs 
(see also lPeroux et al.ir2004h . However, at lower Hi column densi- 
ties, an i ncreasing fraction of QAL syst ems have Mg 11 /12796 EWs 
< 0.6 A ( iRao. Tumshek & Nestoj2006) . As a consequence, a high 
Mg II EW cut does not select all sub-DLAs in an unbiased way. 

In Fig. [3] we show the rest-frame Mgii/i2796 EWs and 
metallicities for sub-DLAs and DLAs at z < 1.7 of our sample 
and the sample of lEUison. Murphv & Dessauges-Zavadskvl ( 120091) . 
Clearly, sub-DLAs are metal-rich for their Mgn EWs compared 
with the DLAs, and this despite that the Mgn/12796 EW distribu- 
tions of sub-DLAs and DLAs at z < 1.7 are statistically consistent 
(see their cumulative functions; KS c.l. to reject the null-hypothesis 
= 10%). Thi s o ffset can be explained in terms of kinematics . 
lEUisorJ ( I2006t) and lEUison. Murphv & Dessauges-Zavadskvl ( l2009h 
showed that (low-redshift) sub-DLAs have higher velocity widths 
for a given Mg n EW than DLAs (parameterized by the £)-index). 
Since we have already shown that Av is correlated with metallic- 
ity in sub-DLAs (Fig. |2ll, we then expect that sub-DLAs selected 
on their high Mgn EWs will have higher metallicities. We con- 
clude that the Mgii selection bias is a viable explanation for the 
systematically higher metallic ities in low-redshift sub-DLAs (but 
for a contrasting opinion, see iKulkami et alj|2007h . The ultimate 
test of this explanation would be to conduct a blind sub-DLA sur- 
vey at z < 1.7. 

In summary, we conclude that in general sub-DLAs are not 



^ The difference between the median logA'(Hi) of sub-DLAs and DLAs 



is 1.04 dex (0.76 dex) at z < 1.7 (z > 1.7) with the median logA'(Hi) of 
sub-DLAs being equal to 19.81 (19.94). 
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uniquely synonymous with massive galaxies and that their high 
metallicities observed at z < 1.7 that drives an apparently steep 
evolution may be due to selection effects. 
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